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ABSTRACT 

Recent advances in nanocrystalline dye-sensitized solar 
cells has lead NASA to investigate the potential of 
these devices for space power generation. Reported 
here is the first space environment characterization of 
these type of photovoltaic devices. Cells containing 
liquid electrolytes were exposed to simulated low-earth 
orbit conditions and their performance evaluated. All 
cells were characterized under simulated air mass zero 
(AMO) illumination. Complete cells were exposed to 
pressures less than 1 x 1 0 7 torr for over a month, with 
no sign of sealant failure or electrolyte leakage. Cells 
from Solaronix SA were rapid thermal cycled under 
simulated low-earth orbit conditions. The cells were 
cycled 100 times from -80°C to 80°C, which is 
equivalent to 6 days in orbit. The best cell had a 4.6% 
loss in efficiency as a result of the thermal cycling. 

1. INTRODUCTION 

Nanocrystalline Dye-sensitized solar cells (nc-DSC) 
have been under development for over a decade [1-6]. 
Their low efficiencies, use of liquid electrolytes and 
long-term degradation mechanisms have prevented 
them from much consideration for space applications. 
However, the ruthenium dyes are reported to be stable 
to at elevated temperatures when anchored to Ti 02 and 
under exposure to ultraviolet radiation [7, 8]. In 
addition, reported efficiencies for liquid electrolyte 
based cells in excess of 10% (AM 1.5) [2, 6] and recent 
advances in solid electrolytes [9] have lead the 
National Aeronautics and Space Administration 
(NASA) to evaluate dye-sensitized solar cells for space 
power applications. 

Nanocrystalline dye-sensitized solar cells offer the 
potential of providing light-weight, low-cost arrays for 
space power. State-of-the-art space solar power 
systems currently cost on the order of $ 1000/watt [10]. 
In comparison, nc-DSC could be as low as SlAvatt [6]. 
Specific power for current space power systems is 
<100 watts/kg; specific power for nc-DSC power 


systems could be much higher if the cells were 
fabricated using polymer substrates, instead of glass. 
These gains would impact almost every NASA 
mission, from solar electric propulsion, to the use of 
inflatable arrays and space solar power satellites (SSP), 
and in some cases could be mission enabling [11]. 
However, to be useful for applications in space, solar 
cells must not only meet weight and air mass zero 
(AMO) efficiency goals, but also be durable enough to 
survive launch conditions and the thermal and radiation 
environments of space. 

Both the individual components and complete cells 
have had extensive terrestrial environment testing. The 
results of the testing have been very promising. In 
terms of thermal stability, when attached to the Ti0 2 
support, the dye [Ru(H 2 dcpbpy) 2 NCS 2 ] (where 
H 2 dcpbpy = 2,2 , -dipyridyl-4,4 , -dicarboxylate) is stable 
to at least 250°C [7]. Complete cells have shown only 
a minor decrease in performance when heated at 60°C 
for 2000 hours in the absence of light [12]. When 
heated at 85°C for 900 hours without light, a 30% 
decrease in the maximum power was observed [12]. 
Under combined light (one sun) and thermal stress 
(45°C) for 3400 hours, only a 15% decrease in the 
maximum power was observed [12]. Additionally, 
complete cells have been shown to operate under 
continuous illumination at ambient temperatures for 
over 14,000 hours, corresponding to approximately 20 
years of operation and 100 million turnovers for the 
dye [6]. 

In addition to thermal stress and longevity studies, cell 
degradation from ultraviolet radiation has also been an 
active area of research. It has been shown that the 
primary component that degrades under UV light is the 
liquid electrolyte. Addition of Mgl 2 or Cal 2 to the 
electrolyte solution has been shown to minimize 
electrolyte degradation [12]. Additionally, solvents 
such as acetonitrile and propionitrile have been shown 
to be more stable than methoxyacetonitrile [12]. 
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However, very little, if any space environment testing 
has been done on dye-sensitized cells. Space missions 
fall into four categories, depending on location in the 
solar system: earth-orbiting, near-earth, outer 
planetary and near-sun. The majority of missions are 
earth-orbiting, with these missions falling into three 
categories based on altitude: low-earth orbit (LEO) 
(300-800 km), mid-altitude earth orbit (MEO) (2000- 
10,000 km) and geosynchronous earth orbit (GEO) 
(35,786 km). Although each mission has different 
environmental requirements, the environment is really 
a continuum, such that very high MEO missions 
requirements begin to overlap with GEO requirements. 

The focus of this work was the testing of dye-sensitized 
solar cells under simulated LEO space conditions. 
Typically, LEO missions are flown in circular orbits at 
space shuttle altitudes and can range up to 2000 km. 
They are characterized by low levels of radiation from 
trapped electrons and protons, exposure to UV 
radiation and 6000 thermal cycles per year as the 
spacecraft moves in and out of the earth’s shadow and 
completes an orbit roughly every 90 minutes. LEO 
missions put a premium on beginning-of-life (BOL) 
efficiency and thermal cycle survivability, with typical 
temperature ranges of 200-350K [10]. Typical LEO 
missions applications are weather monitoring, earth 
observation/global climate monitoring, military 
observation and telecommunication systems. Life 
times for these missions range from several months to 
several years. What follows is a preliminary report of 
the first attempts to evaluate nanocrystalline dye- 
sensitized solar cells for space power applications. 

2. EXPERlM^T^IfL 

Ruthenium dyes were purchased from Solaronix SA, 
Aubonne, Switzerland. Titanium dioxide was 
deposited by doctor blade using pastes prepared from P 
25 Ti0 2 (Degussa Corporation) or Solaronix Ti- 
Nanoxide T Ti0 2 . Adhesive tape (3M Scotch® 

Magic™ Tape) was used to define the area (1 cm x 1 
cm) and thickness (4-8 p m) of the films. The TiC >2 
films were deposited onto fluorine doped tin oxide 
(F:Sn0 2 ) coated glass (Hartford Glass Co.). The back 
contact of the cell was F:Sn0 2 coated glass, which was 
coated with a platinum mirror (~1,000 A) by electron 
beam evaporation. The top and bottom contact were 
joined using Amosil 4 (Solaronix SA), a two part 
epoxy. Following curing of the epoxy, the cells were 
filled with a liquid electrolyte containing 0.3 M Lil and 
0.03M I 2 in acetonitrile and then sealed with Amosil 4. 


For comparison purposes, complete cells were obtained 
from Solaronix SA, and tested along side solar cells 
prepared at NASA GRC. The cells from Solaronix had 
active areas of approximately 3.7 cm 2 and were sealed 
with a thin film polymer hot melt (Surlyn 1702) [13]. 

Complete solar cells were evaluated under simulated 
AMO illumination at NASA Glenn Research Center’s 
Solar Cell Evaluation Laboratory. Current versus 
voltage (IV) curves were recorded for the cells. The 
sealing of the cells was evaluated by exposing them to 
high vacuum (<1 x 10' 7 torr) for extended periods (>1 
month). Rapid thermal cycling was preformed using a 
two compartment chamber, with the top compartment 
heated to 90 °C and the lower compartment cooled to 
-90°C. Cells were automatically cycled between 
compartments when the temperature of the cells 
reached 80 e C in the heated chamber and -80°C in the 
lower chamber. The cells cycled approximately three 
times per hour. Cells were not illuminated during rapid 
thermal cycling. 

3. RESULTS AND DISCUSSION 

For any solar cell to operate in space, it must be able to 
tolerate the vacuum of space. This is a particularly 
important concern for dye-sensitized solar cells, 
because of the liquid electrolytes commonly used in 
these devices. Spacecraft in low-earth orbit will 
typically experience pressures on the order of 10’ 6 torr. 
To demonstrate that nc-DSC can tolerate these types of 
vacuums, several cells were pumped to a pressure of 
<1 x 10' 7 torr under dynamic vacuum for over a month. 
To date, the cells have exhibited no signs of leakage or 
sealant failure. 

Two complete cells were obtained from Solaronix SA 
and upon receipt were characterized under AMO 
illumination (Fig. 1, Table 1). The cells were then 
stored in a desiccator at room temperature for 52 days 
while waiting to be rapid thermal cycled, and during 
this time they received only limited exposure to 
ambient light. Prior to thermal cycling, the cells were 
again characterized under calibrated, simulated AMO 
illumination (Fig. 2, table 1). It was observed that one 
of the cells (cell 1) had a substantia] decrease in 
perfonnance, and the second cell (cell 2) had only a 
modest loss of performance. The large drop in current 
for cell 1 is simply attributed to it being a faulty cell. 

As mentioned in the introduction, these cells have 
demonstrated long shelf lives. 
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Fig. 1. IV curves measured under simulated 
AMO illumination for cells 1 and 2 when 
cells were initially received. 


Table 1. Air mass zero characterization data for dye- 
sensitized cells upon receipt, prior to rapid thermal 
cycling and following rapid thermal cycling. 



Initial AMO 
Measure 

Pre-cycling 

Measure 

Post-cycling 

Measure 

Cell 1 , area 

3.68 cm 2 

3.68 cm 2 

3.68 cm 3 

I sc 

40.3 mA 

14.3 mA 

10.8 mA 

Voc 

677 mV 

687 mV 

663 mV 

I max 

32.4 mA 

11.1 mA 

8.76 mA 

Vmax 

454 mV 

499 mV 

472 mV 

Pmax 

14.7 mW 

5.55 mW 

4.13 mW 

F.F. 

53.9 

56.3 

57.6 

Eff. 

2.92 % 

1.10% 

0.82 % 

Cell 2, area 

3.71 cm 3 

3.71 cm 2 

3.71 cm 2 

I sc 

45.8 mA 

41.4 mA 

36.5 mA 

Voc 

670 mV 

672 mV 

657 mV 

I max 

37.7 mA 

33.4 mA 

30.0 mA 

Vmax 

426 mV 

404 mV 

431 mV 

Pmax 

16.0 mW 

13.5 mW 

12.9 mW 

F.F. 

52.3 

48.5 

54.0 

Eff. 

3.16% 

2.66 % 

2.54 % 


Following the second AMO characterization, the cells 
were rapid thermal cycled between -80°C and 80°C, 
which roughly corresponds to the temperature swdngs 
the cells would experience in a low-earth orbit. A 
spacecraft in low-earth orbit endures approximately 
6000 thermal cycles per year. For our initial testing of 
the cells, they were rapid thermal cycled 100 times, 
which corresponds to six days in orbit. After thermal 
cycling, the cells were once again characterized under 
AMO illumination (Fig. 3, Table 1). There was a 
measurable decrease in the performance of both cells, 
with that of cell 1 being the most dramatic. Upon 
examination, cell 1 lost a substantial amount of 


electrolyte during thermal cycling. The electrolyte 
appears to have escaped under or through the Surlyn 
seal, as the seal was stained yellow on one side of the 
cell following thermal cycling. Physically, cell 2 
survived the thermal cycling reasonably well, with no 
signs of electrolyte loss. However, it did have a 4.6% 
drop in efficiency, caused mainly from a decrease in 
current produced by the cell. 



Fig. 2. IV curves measured under simulated AMO 
illumination for cells 1 and 2 following 
storage and prior to rapid thermal cycling. 



Fig. 3. IV curves measured under simulated AMO 
illumination for cells 1 and 2 following rapid thermal 
cycling (100 cycles from -80°C to 80°C). 

As noted in the introduction, current dye-sensitized 
solar cells lack stability at elevated temperatures 
(85 °C). However, due to our limited amount of data, it 
is difficult to determine whether the decrease in 
performance of cell 2 w r as from the elevated cycle 
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temperatures, or some other failure mechanism. A 
long-term study is in progress, and the results will be 
reported when available. As mentioned above, the lack 
of stability of cell 1 is likely due to a defective cell. 
This is evident from the thermal cycling data and the 
loss of electrolyte during cycling. Although Surlyn 
1702 has a reported softening temperature of 65*C, if 
the failure of cell 1 had been caused from excessive 
heating of the cells, both cells would have been 
expected to exhibit the same loss of electrolyte during 
rapid thermal cycling. 

4. CONCLUSIONS 

The first space environmental characterization of 
nanocrystalline dye-sensitized solar cells has been 
completed. In general, the cells survived the testing 
fairly well. One of the chief complaints about these 
types of cells is the liquid electrolyte and the long-term 
sealing concerns of these cells in the vacuum of space. 
The liquid electrolyte containing cells were exposed to 
pressures less than 1 x 1 O' 7 torr and exhibited no signs 
of sealant failure. The loss of performance associated 
with rapid thermal cycling is still under investigation. 
An extended study is in progress, with more cells 
evaluated and more thermal cycles to determine where 
the decrease in cell performance is the result of internal 
chemical changes in the cells, or simply a result of the 
physical stresses associated with thermal cycling. 
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